This study examines how national culture influences the likelihood and rate of buyouts among R&D equity alliances and joint ventures in the biotechnology industry. We hypothesize that the interaction of specific national culture attributes and cultural differences between alliance partners bear upon: a) the amount of endogenous uncertainty surrounding the potential integration of the target firm and b) the marginal rate of learning in hierarchical versus collaborative governance. Applying a competing hazard model to a sample of 173 joint ventures and minority equity collaborations in the biotechnology industry, we found that investing firms from high power distance and high uncertainty avoidance countries are more likely to buy out their alliance partners. Furthermore, greater cultural distance between alliance partners increases the likelihood of partner buyout when investing firms are from high power distance countries.
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As knowledge-intensive industries become increasingly global, high tech firms are confronted with the strategic challenges, opportunities, and risks associated with cross-border alliances. Indeed, considerable managerial and scholarly attention has been paid to not only the benefits of such alliances, but also on the transactional difficulties wrought by alliance partners from different national cultures.
However, most of these efforts have focused on the choice of initial governance mode (e.g., Erramilli, 1996; Kogut & Singh, 1988; Shane, 1993) . The present study is motivated in three respects. First, it is becoming clear that governance decisions may involve a strategy to sequentially invest equity in an alliance partner over time (Chang, 1995; Penner-Hahn, 1998) . Second, partnerships often terminate with acquisition (Folta, 1998; Hurry, Kogut, 1991; Miller & Bowman, 1992) as opposed to other forms of termination, such as dissolution or third party buyouts. Third, little research to date has explicitly examined whether national culture characteristics influence patterns of sequential investment and the particular mode of alliance termination. This paper is an attempt to fill the gaps noted above by examining the role of national culture on the likelihood and rate of buyouts among R&D equity alliances and joint ventures in the biotechnology industry. Partner buyouts are a relatively common occurrence in other knowledge-intensive industries.
For example, Park and Russo (1996) found that 16.2 percent of joint ventures in the electronics industry were acquired within three years of founding, while Choi (1991) has found that 13.6 percent of minority investments ended in acquisition within one year of initiation.
1 Yet, despite their frequency, very few studies have explicitly treated partner buyouts as a distinct form of partnership termination. This is unfortunate because Park and Russo (1996) and Park and Ungson (1997) argue that termination by acquisition and termination by dissolution may be driven by entirely different factors.
Like our study, Kogut (1991) examined the partner buyout decision through an option theory lens.
Whereas his study examines the role of exogenous factors on buyouts, our focus is on endogenous uncertainty and the impact of national culture. To date, only Park and Ungson (1997) have examined the role of national culture on the partner buyout decision. They reveal some evidence that cultural distance increases the likelihood of buyout of the joint venture, even after controlling for other important factors such as organizational and operational differences between partners, the type of transaction, and the incidence of prior transactions between partners. Unfortunately, since their focus was termination by dissolution, they do not develop any a priori theoretical arguments about the determinants of buyouts.
Neither do they offer any empirical evidence regarding the effects of dimensions of culture other than cultural distance.
There are other reasons to believe that national culture may play an important role in the partner buyout decision. Chang (1995) and Hurry et al. (1992) found that sequential investment patterns were found to differ across U.S. and Japanese venture capital firms. Relative to U.S. firms, Japanese firms exhibit incremental approaches to expansion. Subsequent to news indicating venture success, Japanese venture capital firms tended to upgrade a venture investment to a joint venture or acquisition, while U.S.
firms tended to sell their ownership stake. Chang (1995) questions whether the sequential investment pattern holds for western firms, reasoning that cultural and institutional background of non-western firm favor an incremental and evolutionary approach to investment. Although he does not test this proposition, he encourages study of the matter. Hofstede (1980) defined national culture as the collective programming of the human mind. His dimensions of culture are well known and include uncertainty avoidance, power distance, masculinity, and individualism. Country ratings across these dimensions do not vary uniformly Understanding which cultural dimensions bear upon the decision to buy out a partner may shed light on several important issues. For instance, investing firms in knowledge-intensive industries would benefit from knowing how target firms from different cultures tend to respond to sequential investment behavior by partners. This ex ante knowledge may prove helpful in negotiating the terms of R&D equity collaborations. Similarly, collaborating firms would be advised to understand whether foreign partners are likely to consider them an acquisition candidate. At a broader level, national culture may have significant implications for understanding the level and type of commitment firms make in emerging, high tech industries.
We explicitly examine the effects of national culture on the rate of partner buyout across twelve different countries. Our hypotheses are developed using aggregate measures of cultural distance by Hofstede (1980) and Ronen and Shenkar (1985) , as well as more specific dimensions of culture relating to the investing firm. Using a time varying model, we test these hypotheses on a sample of minority investments and joint ventures in the biotechnology industry. In the past two decades, the biotechnology industry has grown explosively, largely due to the recognition that biotechnology could disrupt old markets, create new products, and cheapen current manufacturing process. Virtually every developed country has targeted leadership in biotechnology as a national goal (Office of Technology Assessment, 1991). Following Kogut (1991) , we characterize R&D equity collaborations as a two-stage compound option; whereby investing firms holding a limited equity stake in a target firm can track knowledge development and (market and technological) opportunities in industries. Such equity collaborations allow firms to maintain strategic flexibility to respond to industry trends that are difficult to predict.
BACKGROUND
Following the initial equity investment, exercise of the first stage of the option is represented by the full acquisition of a target partner. In the case of R&D partnerships where an investing firm has taken a minority equity stake, partner buyout refers to the acquisition of the R&D supplier/partner. Partner buyout for joint ventures refers to the acquisition of the joint venture by one of the parents. 2 Exercise of the second stage growth option is represented by making further discretionary investments in research or commercial opportunities resulting from the first stage commitment. In this view, equity collaborations may be initiated as a way to manage endogenous and exogenous uncertainty. Exogenous and endogenous uncertainty have different effects on the decision to commit additional capital (Dixit & Pindyck, 1994; Rivoli & Salorio, 1996) .
Exogenous uncertainty cannot be reduced by the actions of a single firm. In the case of emerging technology industries, exogenous uncertainty exists when, for example, the technological trajectory of the industry is indeterminate, industry infrastructure is lacking, or when key legislation affecting the industry is pending. Given these conditions, acquiring firms prematurely in emerging technologies may impose considerable risks because the investing firm gives up the option of waiting for new information that might affect the desirability or timing of the investment. The ability to delay irreversible investment expenditures until exogenous uncertainty is resolved can be an important source of flexibility in a project and profoundly affect subsequent decisions to invest (McDonald & Siegel, 1986) .
By contrast, endogenous uncertainty can be decreased by actions of the firm. Potential sources of endogenous uncertainty for the investing firm include: expansion into unfamiliar international markets, integration of firms from diverse cultures, initiation of R&D projects that take time to develop, or inability to assess the target firm's knowledge. This form of uncertainty is primarily resolved by learning; that is, actually performing the activities associated with a given project. Previous research suggests that greater endogenous uncertainty increases the value of information, and thus, increases incentives to invest in knowledge generation or acquisition (McCardle, 1985) . In the presence of endogenous uncertainty, the key characteristic that makes the investment in knowledge so attractive is the ability to temporarily or permanently suspend further equity investment if the expected value of the completed projects declines due to exogenous shocks. Roberts and Weitzman (1981) have shown that if learning is enhanced by moving to the next stage of the project, there is an incentive to speed up the rate of commitment.
We argue that it is the combination of endogenous uncertainty and enhanced learning by moving to the next stage that motivates the decision to commit incrementally. This staged investment approach takes on value when internalizing the partner increases the rate of learning about the project. In this sense, exercising the buyout of a partner is comparable to the exercise of a call option on equities that pay dividends. In the presence of dividends (that come in the form of learning advantages) there may be an incentive to exercise the partner buyout option early. If the target turns out to have skills that are relevant for the partner but cannot be easily transferred across firm boundaries after a brief interchange, a buyout may be the only viable alternatives. Relative to arm's-length contracts, internalization facilitates transfer of technological capabilities because the acquirer can tap into its repository of social knowledge that structures cooperative action. According to Kogut and Zander (1992) , this difference in the marginal efficiency of technology transfer constitutes the ownership advantage of the firm. 3 Internalizing the partner firm may increase the efficiency of knowledge transfer, thus enabling the firm to reduce future R&D costs so that growth opportunities can be exercised at a lower cost.
In sum, there are at least three important factors which need consideration when examining determinants of partner buyouts: (1) the level of exogenous uncertainty, (2) the level of endogenous uncertainty, and (3) the relative rate of learning inside versus outside firm boundaries. Unless endogenous uncertainty (2) is present, the relative rate of learning inside versus outside the firm (3) will have no consequence. This implies an interaction effect. In this paper, we focus explicitly on the expected interaction between endogenous uncertainty and learning. In the presence of endogenous uncertainty firms will invest sequentially when such commitment yields information about future opportunities. Firms that learn more efficiently in hierarchies are candidates to buy out their partners.
In the next section we describe our main thesis: that national culture traits and cultural differences between partners should contribute to endogenous uncertainty and rates of learning in hierarchy, and therefore, should bear upon the buyout decision.
HYPOTHESES
When valuable, but unexplored technology is resident in a target firm, investing firms differ in terms of how learning activities are to be organized. Consistent with Osborn and Hagedoorn (1997), Olie (1994) , Adler (1991), and Hofstede (1991) , we argue that the cultural attributes of among investing firms are principal determinants of how firms choose to organize learning activities. We motivate our hypotheses using two of Hofstede's (1980) Erramilli (1996) , Gatignon and Anderson (1988) , Kogut and Singh (1988) , and Shane (1993) .
Finally, Hofstede (1991) argues that various combinations of power distance and uncertainty avoidance correspond directly to each of Mintzberg's (1983) preferred authority configurations and coordinating mechanisms, thereby capturing both national and organizational traits. It seems that power distance and uncertainty avoidance are the most distinctive cultural dimensions which influence organizational structure and functioning (Hoecklin, 1995) .
We argue that power distance of a national culture will influence the degree to which the investing firm can learn in hierarchy. Also, uncertainty avoidance and cultural distance are argued to contribute to endogenous uncertainty in the equity partner relationship.
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Power Distance and Learning Inside versus Outside the Firm
As noted, Kogut and Zander (1992) point to the important differences in learning efficiency across governance modes. They argue that it is more efficient to transfer complex knowledge within the boundaries of a firm because learning processes are a function of shared values and assumptions. If national culture embodies social knowledge and organizing principles, it therefore bears upon the expected efficiency of learning subsequent to partner buyout. Firms from certain cultures may learn more efficiently when internalized, while the marginal rate of learning in hierarchy may be lower for firms from other cultures. Hall (1976) argued that cultures vary greatly in the processing of information and patterns of communication.
One cultural attribute that should influence the rate of learning in hierarchies relative to collaborations is power distance (PD). Power Distance is defined as "the extent to which members of a society accept that power in institutions and organizations is distributed unequally" (Hofstede, 1985: 348-349) . As applied to organizations, control, decision making, and authority are likely to be highly centralized (Hofstede, 1980) . Acquiring firms from cultures characterized as high PD operate most comfortably in hierarchy. In such countries, we expect the marginal rate of learning or technology transfer to be highest in hierarchy. Indeed, Hofstede (1991) discusses the implications of culture in an important learning context -in schools. In high PD cultures, such as Japan, learning is structured and hierarchical. By contrast, learning is loose and more unstructured in low PD cultures.
One might expect that firms from high PD cultures will move directly to outright acquisition, and avoid the first stage equity collaboration. Consistent with this expectation, Shane (1993) found that the higher the PD, the greater the likelihood of hierarchical control in transactions. More recently, Erramilli (1996) found that firms from countries with higher PD are more likely to seek majority ownership in foreign subsidiaries.
In the absence of endogenous uncertainty, firms from high PD cultures will acquire outright.
However, in the presence of endogenous uncertainty, they will invest incrementally, beginning with the first stage equity collaboration. Several cultural attributes influence endogenous uncertainty.
Uncertainty Avoidance, Cultural Distance, and Endogenous Uncertainty
The study of national culture on governance modes has predominantly focused on transaction cost explanations, where the cultural attributes or partner differences in national culture are expected to moderate the ability of managers to perceive the potential for opportunistic behavior by partners (Harrigan, 1985) . As noted earlier, these transaction costs were found to be a key determinant for dissolution of equity partnerships and joint ventures and have been carefully articulated in the literature.
Building on previous research, we argue that uncertainty avoidance (UA) and cultural distance (CD) represent two important types of endogenous uncertainty.
Uncertainty avoidance (UA) is defined as the "degree to which the members of a society feel uncomfortable with uncertainty and ambiguity, which leads them to support beliefs promising certainty and to maintain institutions protecting conformity" (Hofstede, 1985: 348-349) . In an organizational context, having high levels of UA leads managers to make less risky decisions and develop coping mechanisms to control uncertainty, such as developing complex systems of rules and regulations and following structured, ritual behavior (Hofstede, 1980) .
Uncertainty avoidance was shown to be an important predictor of foreign market entry modes.
For instance, Kogut and Singh (1988) found that multinational corporations from cultures high in UA are more likely to choose joint ventures or greenfield entry modes over full acquisitions. These authors attribute this result to the fact that the uncertainty associated with integrating the management teams of both subsidiary and parent firms is untenable. Therefore, these firms are more comfortable with either a greenfield investment or establishing an equity partnership with the host county target. Shane (1993) found that firms from high UA societies favor licensing over acquisition-type entry modes.
Given their proclivity toward risk avoidance, it is not surprising that firms from high UA cultures prefer staged investment to outright commitment. At the same time, we expect firms from high UA cultures to benefit from a transition toward hierarchy because of the added structure in place to control opportunistic behavior. When firms are from cultures that are also high in power distance, we expect there is added incentive to internalize the target firm in order to learn about growth opportunities more efficiently. Our proposition that high PD, high UA cultures are quicker to internalize appears consistent with arguments made by Hurry et al. (1992) and Chang (1995) , who asserted that Japanese firms, relative to U.S. firms, were more likely to eventually acquire target firms. By contrast, U.S. firms are more likely to sell their equity positions in target firms following the target firm's initial public offering.
Indeed, according to Hofstede (1980) , the Japanese are ranked significantly higher on both PD and UA compared to the United States.
Hypothesis 1: When established firms are from cultures ranked high in uncertainty avoidance and high in power distance, partner buyouts are more likely.
We have argued that established firms from cultures with higher power distance learn more efficiently from their partners, and that the marginal incentive to acquire their partners is highest when the relationship is confronted with endogenous uncertainty. While uncertainty avoidance is one dimension that accentuates endogenous uncertainty, cultural distance (CD) between the partners may also influence the amount of endogenous uncertainty. Cultural distance is defined as the degree to which the home country culture of an investing firm is dissimilar from that of the host country market and firms operating therein. When there is more cultural distance between partners, the ability to effectively observe and predict opportunism among partners is hindered (Kogut, 1988) , leading to higher potential transaction costs. Here, transaction costs represent communication and control costs embodied in cultural differences.
A large body of work has focused on initial governance choice and found cultural differences lead firms to shy away from hierarchy (Kogut and Singh, 1988; Gatignon and Anderson, 1988; Shane 1993 ). Other researchers have attended to the role of cultural distance on the stability of existing partnerships, finding that it contributes to a higher rate of partnership dissolution (Harrigan, 1985; Barkema, Bell, & Pennings, 1996; Barkema, Shenkar, Vermeulen, & Bell, 1997; Park and Ungson, 1997) . More relevant to our study, Olie (1994) and Elsass and Veiga (1994) argued that the blending of diverse cultures tends to be a challenging obstacle to successful mergers. Indeed, cultural differences between firms was found to predict stress, negative attitudes toward merger, and the lack of cooperation between firms subsequent to merger (Weber, Shenkar, & Raveh, 1996) .
These findings suggest that for existing partnerships, cultural differences raise the degree of endogenous uncertainty facing partnerships, and the endogenous uncertainty facing prospects for successful mergers of the firms. The successful transfer of knowledge among culturally distant partners is an indeterminate process. This view is captured clearly by Luostarinen, who defined cultural distance as "the sum of factors creating, on the one hand, a need for knowledge, and on the other hand, barriers to the knowledge flow and hence also for flows between the home and the target countries" (1980:
131-132).
Consistent with Hypothesis 1, we argue that when endogenous uncertainty is combined with more efficient learning in hierarchy, partner buyouts should ensue. As a result, when partners are culturally distant and the investing firm is from a culture that is high in power distance, we expect there to be added incentive to internalize the target firm in order to learn about growth opportunities more efficiently.
Hypothesis 2: When partners are more culturally distant and the established firm is ranked high in power distance, partner buyouts are more likely.
RESEARCH DESIGN Sample
We drew a sample of minority equity collaborations and joint ventures involving dedicated biotechnology firms (DBFs) from the North Carolina Biotechnology Center (NCBC) Actions Database.
This database includes information regarding over 4,000 external (involving more than one firm) transactions in the biotechnology industry since 1978. In particular, the database include whether the transaction involved an exchange of equity via a minority investment or a joint venture, the date (month and year), the partners involved, the type of partner involved (DBF, established firm, government, university) the countries where transacting organizations reside, the technological subfield, and a description of each transaction. All transactions were verified in Bioscan. In the event that the transaction dates differed across sources, we used the earlier of the two dates. In studying the NCBC Actions database and comparing with Bioscan we collected information on 618 equity collaborations.
This original sample was reduced for three theoretical reasons.
First, our compiled data were restricted to transactions involving only two parties, a target DBF domiciled in the United States and established firms having core businesses outside of biotechnology.
We believe it is easier to identify the integrated manufacturer as the holder of the call option to acquire, a belief consistent with Hurry et al. (1992) . This is particularly reasonable in cases where established firms take a minority equity stake in a DBF. These cases constitute 83.8 percent of our final sample.
Determining who holds the call option is more challenging in joint ventures, where both parties contribute capital and knowledge to a jointly owned and controlled entity. 5 We control for likelihood that joint ventures may be bought out by the DBF by including a joint venture dummy variable and by modeling joint venture buyouts by the DBF firm as a competing event.
We also restricted our sample to include only four broad subfields: therapeutics, diagnostics, agriculture (ag/bio), and supplier/specialty chemical. These subfields account for a large majority of all firms dedicated to biotechnology (Dibner, 1992) . This focus on the largest subfields was necessary because of our need to have a critical mass of public firms to generate stock market indices for each subfield for our measure of exogenous uncertainty.
Finally, we focus on equity collaborations with DBFs domiciled in the United States. This enabled us to better control for exogenous events specific to country boundaries. Given these constraints on our database we identified 248 equity collaborations initiated between 1978 and 1995. Of these, we were unable to obtain the precise starting dates of 30 transactions, despite supplementing our search using Lexis/Nexus and SEC Schedule 13D filings.
We made considerable effort to verify the outcome of each partnership. If the December 1995 issue of Bioscan listed the equity partnership as ongoing, the transaction was coded as right-censored.
Otherwise, a systematic search was undertaken to understand the nature of the transaction termination.
NCBC and Bioscan data were supplemented with a search of Ernst & Young Biotechnology Industry Reports, Predicast's F&S Index of Corporate Change, Lexis/Nexis, and SEC Schedule 13D filings.
From this effort we were able to verify the timing and outcome of 173 equity partnerships constituting our final sample.
Of the 173 transactions in our final sample, 23 were terminated by partner buyout by established firms, 39 were dissolved, 21 were terminated by other means (6 joint ventures were acquired by the DBF partner, 5 joint ventures were acquired by third parties, 10 DBFs were acquired by a third party), and 90 were right censored; that is, they were still in effect at the end of 1995.
6 Table 1 provides a breakdown of the number of established firms from each country that have initiated equity collaborations with U.S. biotechnology firms. Here, we also list the outcome of these equity collaborations for each country. While equity investments are most prominently undertaken by firms in a few countries, there seems to be a clear difference in the outcomes of these collaborations. U.S firms have a high percentage of partnership dissolutions and third-party buyouts. Japanese firms and those from the United Kingdom have a significant proportion of partnerships maintained, as do firms from Switzerland, Germany, and Sweden. While these trends show clear differences in country propensities regarding equity collaboration outcomes, it is unclear whether these patterns are statistically robust when controlling for cultural factors, firm-specific factors, and those relating to the value and exogenous uncertainty regarding the technology. Furthermore, Table 1 does not consider the timing of the outcome event. For example, while it is clear that a greater percentage of Japanese firms maintained their equity stake than do U.S. firms, it does not help us understand whether Japanese firms maintained their equity relationships longer than U.S. firms. Table 1 about here
Model and Method
We selected a competing-risk, discrete-time event history analysis to test our hypotheses. Event history models are especially appropriate for analyzing longitudinal data when the dependent variable is a discrete event and the timing of the event's occurrence is of particular interest. Competing risk is a special form of event history analysis that is used when the dependent variable has two or more outcomes and the occurrence of any one outcome removes the subject from the risk of the other outcome(s). Buyouts are one of several ways in which a partnership may be terminated. Other forms of termination include (a) dissolution of the partnership, (b) acquisition of a biotechnology firm or joint venture by a third party, and (c) acquisition of a joint venture by the biotechnology partner (rather than acquisition by the established firm). Although we do not develop explicit hypotheses regarding these other forms of termination, they do represent relevant "competing hazards" in that they preclude subsequent occurrences of partner buyouts. To model the competing hazards, the hazard rate function is defined as
where h(t) is the hazard function associated with either partner buyout (j=1), partnership dissolution (j=2); or other termination (j=3). P j (t,t+s) is the probability that event type j occurs in the interval between t and t+s, given that the partnership is at risk at time t. Cox's (1975) partial likelihood method for parameter estimation allows us to incorporate time dependence into the model, without specifying its form. The general form for the Cox proportional hazards models estimated in this study is:
where a j (t) may be any function of time, X(t) and Y are vectors of time dependent and time invariant explanatory variables, and β j and λ j are vectors of estimable parameters. We used TDA version 5.7 to simultaneously estimate the competing hazards model (Rohwer, 1994 ) with Cox's partial likelihood method. We do not provide estimates for the baseline hazard function, a j (t), since partial likelihood estimation discards this function.
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The three events -buyout, dissolution, and other termination -were updated monthly. The sample includes 9,843 monthly periods. The cultural variables were not time varying, but many control variables were updated monthly.
Culture Variables
Hypothesis 1 is tested by multiplying Hofstede's (1980) well-known measures of uncertainty avoidance and power distance to each country in our sample. Hypothesis 2 also suggests a multiplicative function involving power distance and cultural distance. Our test considers two alternative measures of cultural distance. First, following Kogut and Singh (1988) , we measured (Hofstede's) cultural distance (CD) as a composite index based on the each of the four cultural dimensions identified by Hofstede (1980) .
We also used a second measure of cultural distance is generated from a study by Ronen and Shenkar (1985) , who synthesized country clusters into nine groupings of countries with similar workrelated attitudes and values. The "Anglo" cluster involves Australia, Canada, Ireland, New Zealand, South Africa, United Kingdom, and United States. All other countries in the study were grouped into the other eight clusters. Using this data, we constructed a measure of cultural distance such that when the established firm fell in the Anglo cluster, (Ronen's) cultural distance was coded "0", otherwise it was coded "1".
Control Variables
Clearly, cultural factors may not dominate partner buyout decisions. We argued earlier that exogenous forces partially dictate how uncertain future payoffs are and whether a buyout option is inthe-money. Other forces specific to the industry, the investing firm, and partner relationship may also bear upon the buyout decision. In this section, we describe our attempts to control for the factors found to be important by previous researchers.
Kogut (1991) argued that exogenous forces determine whether a buyout option is in-the-money.
He argued that when industry sales deviated positively from industry forecasts, joint venture partners would seek to acquire the joint venture. His annual measures, shipment growth and deviation from expected growth, are meant to capture the certainty to which joint ventures operating in an industry have appreciated in value. Our measures of exogenous variables are in the same spirit, but are measured differently. Whereas Kogut's study spanned several industries and uses annual measures, ours concentrates only on biotechnology, and we consequently focus on measuring exogenous forces within technological subfields on a monthly basis. Sales measures are unreasonable in this industry because most firms have no revenues from sales. Like Folta (1998), we measure subfield value and subfield (exogenous) uncertainty using stock market indices generated from publicly traded firm in concentrating in particular biotechnology subfields. These measures are described briefly below, but more detail is provided in Folta (1998) .
Differences in the expected value of growth opportunities across the four subfields (Therapeutic, Diagnostic, Ag/Bio, and Supplier / Specialty Chemical) with four stock indices that were created from weekly returns of nine U.S. biotechnology firms specializing in the respective subfields. The subfield value of firm j was measured as the value of the monthly biotechnology index for subfield m (when j ∈ m). These indices are weighted equally. Weekly values of the indices were then averaged within each month to get monthly index values for each of the four subfields. Subfield value was transformed by taking its natural logarithm to correct for positive skewness.
Exogenous uncertainty was measured as the 26-week standard deviation of the log of weekly returns for each of the four biotechnology subfield indices. The 26-week measure was chosen because it provides enough history to produce a reliable measure of volatility, without assuming constant variance over a longer period of time. Exogenous uncertainty was converted to a monthly measure by averaging the weekly standard deviations within any given month.
Substantial literature has confirmed the importance of industry structure on the choice of governance mode. 8 We use average subfield R&D expenditures divided by average total expenses to control for such effects. Conventionally, the relationship of R&D expense is said to encourage integrative modes, such as acquisition, in order to provide adequate administrative control for coping with higher degrees of human and dedicated capital specific to a transaction. Using this logic, we might expect a positive relationship between R&D expense and partner buyout.
Park and Ungson (1997) did not control for exogenous forces, but did find that a series of dummy variables related to the partnership influenced the buyout decision. They found that partners with the same SIC code were less likely to acquire their partners, partners having a prior relationship were more likely to end in acquisition, partnerships involving technology transfer were less likely to end in acquisition, and partnerships involving multiple products were more likely to end in acquisition. We test for some of these same effects, but not all. By definition, our sample includes partners from different SIC codes and partnerships involving technology transfer. Park and Ungson (1997) have highlighted the important moderating role that prior relationships have on the effect of cultural differences on partnership dissolution. While they did not test for whether this same effect holds for partner buyouts, it may be reasonable to expect prior relationships to moderate either the degree of endogenous uncertainty or the relative rate of learning in collaboration versus hierarchy. We did not include prior relationships in our formal presentation because to the extent that cultural dimensions influence the choice of prior relationships with the partner, including a measure of prior transactions in the model would confound our ability to interpret the results. In runs not reported, we did, include a dummy measure for prior relationships, consistent with the measure employed by Park and Ungson, but found no significant relationship in any of our models. Surprisingly, only 7.0 percent of the partnerships had a prior relationship, a number significantly below Park and
Ungson's 26.0 percent in the electronics industry. Apparently, it is more common to initiate a relationship with equity transactions in the biotechnology industry.
Target firms having more commercial partners may not be attractive buyout candidates because commercial opportunities to exploit their technology may be siphoned off by others. To approximate the declining marginal threat of preemptive bidding or acquisition by each additional partner, we used the natural logarithm of the target firm's number of current commercial alliances. The number of partners was taken during the year of the event. In the event of right-censored cases, the measure was taken in the last year of the observation window. Bioscan provided this information.
If the transaction was a joint venture an indicator variable was classified as a "1", and "0" if it was a minority equity investment. Joint ventures are thought to provide a real option that is more proprietary than is the case for minority investments.
-------------------------------
Insert Table 2 about here Table 2 provides descriptive statistics and correlations for the variables. Because of concerns of multicollinearity between Uncertainty Avoidance and the Cultural Distance variables, as well as the small number of events, we opted to present three full models relating to our hypotheses. Table 3 presents the full (columns 2, 4, 6) and reduced (columns 1, 3, 5) models with the parameter estimates for the hazard of partner buyout. To ascertain the degree of model fit, likelihood ratio tests were performed on the incremental and full models. Each test produced a chi-square statistic well above the critical value (p < 0.001), indicating that the overall fit is good. The hypotheses for the individual interaction coefficients are tested under one-tail t-tests. In each of the full models, the hypothesized interaction is positive and significant. These findings are consistent with our expectations. Table 3 about here
------------------------------
RESULTS
------------------------------Insert
In model 2, the positive coefficient on the interaction (p < 0.05) between Uncertainty Avoidance and Power Distance is consistent with the expectations offered in hypothesis 1. It suggests that established firms from cultures higher in UA and PD should be more likely to buy out their partners.
In models 4 and 6, both the positive coefficient on the interaction (p < 0.10) between Hofstede's Cultural Distance and Power Distance as well as the positive coefficient on the interaction (p < 0.01) between Ronen's Cultural Distance and Power Distance are consistent with the expectations offered in hypothesis 2. It suggests that when partners that are more culturally distant and established investors are higher in Power Distance there is an increased likelihood of partner buyout.
Since the remaining variables in the models have no hypotheses related to them, we use a two-tailed test to assess the significance of relationships. The only variable that demonstrated a significant effect was Target Firm's Number of Partners. As was expected, it was negatively related to the likelihood of partner buyout. This variable should approximate how proprietary the buyout option is. The more partners a target partner has, the less proprietary is the option. The variables relating to exogenous uncertainty, subfield value, and subfield R&D expense were not significant. Neither was the indicator variable distinguishing joint ventures from minority investments. Table 3 also includes the competing hazard results for partnership dissolution in columns 7-10.
These results indicate that Uncertainty Avoidance and Ronen's Cultural Distance is negatively related to the likelihood of dissolution. The latter result is consistent with those found by Park and Ungson (1997) in studying the electronics industry. They did not examine the effect of Uncertainty Avoidance.
Furthermore, in comparison with the findings for the partner acquisition models, these findings demonstrate that national culture attributes influence partner dissolution differently.
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Consistent with previous studies, we focused mainly on aggregate measures of cultural distance.
However, Hofstede (1980) suggests that partner differences for power distance, uncertainty avoidance, masculinity, and individuality may represent important areas of conflict among partners. In addition, recent research suggests that absolute measures of cultural "distance" may obfuscate directional differences among individual cultural attributes (O'Grady & Lane, 1996) . As a result, we also tested measures of cultural distance that are specific to individual attributes. These variables are calculated the same way as illustrated in equation 3, however, they only apply to a single attribute. Table 4 about here Table 4 reports the parameter estimates for cultural distance measures that are specific to
Hofstede's individual attributes of national culture. 10 We provide only the full models including the interaction. In model 1, the positive coefficient for the interaction between Power Distance and Cultural Distance/Partner Differences in Power Distance is consistent with hypothesis 2. Also consistent with Hypothesis 2 is the positive coefficient for the interaction between Power Distance and Cultural Distance/Partner Differences in Uncertainty Avoidance. The interactions in models 3 and 4 involving differences in Individuality and Masculinity, respectively, were not significant. These findings support our a priori expectation focus on Uncertainty Avoidance and Power Distance, and also support the arguments by Hofstede that these two dimensions of national culture have the greatest bearing on organizational phenomena.
Given that partner differences in Uncertainty Avoidance and Power Distance seem to be the two dimensions of national culture which best explain organizational phenomenon, we created a cultural difference measure incorporating both of those dimensions. The model is illustrated in column 5 of Table 4 . The positive and significant interaction (p < 0.05) is consistent with expectations for hypothesis 2.
DISCUSSION
The role of national culture on governance choice has been frequently studied. However, these studies have largely focused on the initial governance decision or partnership termination, giving little attention specifically to partner buyouts. This oversight is consequential, given the high incidence of acquisition of joint venture and equity partners. By explicitly considering the role of national culture on partner buyouts, we extend a growing body of literature that examines the incremental nature of investments in joint ventures and partner firms in knowledge-intensive industries. Although we are the not the first to characterize equity collaborations are compound options, our study is the first to attempt to theoretically explain the role of national culture on partner buyout. Partner buyout represents the exercise of the first stage option, while future discretionary investments represent the exercise of the second stage option. Real option theory suggests that firms should choose to invest incrementally in the face of endogenous uncertainty. It also suggests that firms will be more likely to commit to the next stage when they can learn more by committing, thereby reducing endogenous uncertainty.
We have built upon option theory to suggest that partner buyouts will be influenced by three factors: exogenous variables, endogenous uncertainty, and the rate of learning inside versus outside the firm. Our central argument is that attributes of national culture bears upon these latter two factors.
Specifically, we argue that endogenous uncertainty will be high when established firms are from cultures that are high in uncertainty avoidance and when partners are culturally distant. This uncertainty may be due to the inability to perceive the potential for opportunistic behavior by partners, or information asymmetry between partners. As a result of such uncertainty, established firms will shy away from aggressive commitment to growth opportunities, they will invest incrementally. Firms from cultures that are high in power distance are expected to transition to hierarchical governance because it is in hierarchies that they operate and learn most efficiently about growth opportunities. Thus, it is the combination of high endogenous uncertainty and the ability (or prospects) to learn more efficiently after internalizing the partner that leads to partner buyout.
Our empirical findings are consistent with the expectations noted above. Uncertainty avoidance and cultural distance are argued to contribute to endogenous uncertainty, while power distance is argued to impact the relative rate of learning in hierarchy relative to collaborations. Established firms from high UA home country cultures are more likely to buy out partners when they are also high in PD. Partners that are culturally distant are more likely to buy out partners when they are also high in PD. These findings suggest that it is the combination of endogenous uncertainty and efficient learning at the next stage that promote commitment via partner buyout. They are robust to different measures of cultural distance emanating from work by Hofstede (1980) and Ronen and Shenkar (1985) . Distance measures using Hofstede's dimensions of Uncertainty Avoidance and Power Distance seem to mostly explain endogenous uncertainty.
Upon examination of country values for UA, Japan is among the world's most uncertainty avoidant cultures (about 1.5 standard deviations above the mean; see Hofstede, 1980: 315) . According to our research findings, Japanese firms might be expected to exhibit high levels of anxiety with respect to both endogenous uncertainty and exogenous uncertainty. Therefore, Japanese firms will place greater intrinsic and extrinsic value on maintaining the equity collaboration. Indeed, our findings suggest that firms high in UA (including those from Japan) are less likely to acquire their collaboration partners and less likely to dissolve the partnership. These findings support those of Hurry et al. (1992) and Chang (1995) who found that Japanese firms were more likely than U.S. firms to retain their holdings in international joint ventures.
A Framework for Understanding Intentions of Foreign Partners
Using Hofstede's dimensions of Uncertainty Avoidance and Power Distance there is potential to create a broad framework by which future studies can examine partner buyout decisions in particular, and sequential investment more generally. In Table 5 we located countries based on only two measures:
Uncertainty Avoidance and Power Distance. Since these measures are specific to the established firm, and not the relationship between partners, we can develop a general framework of tendencies toward partner buyout. Since firms domiciled in France and Japan are high in both Uncertainty Avoidance and Power Distance, we expect them to be most likely to buy out their partners. The second most likely group to buy out partners consists of firms high in Uncertainty Avoidance and medium in Power Distance: Germany, Italy, and Switzerland. Finally, firms from countries that are medium in both PD and UA (Australia, Canada, the United Kingdom, or the United States) may also demonstrate a notion for partner buyouts, although to a lesser extent. Established firms from other countries are less likely to exhibit a tendency to buy out their partners either because there is low power distance or low uncertainty avoidance. Table 5 about here
Of course, cultural distance is not depicted in Table 5 . According to our theoretical expectations, even established firms from uncertainty avoidance cultures may display a tendency to buy out partners if they are culturally distant. The expectations presented in Table 5 can be altered to reflect cultural distance. For example, France and Japan are especially likely candidates for buyouts of U.S. partners because they are high on all three cultural attributes: Power Distance, Uncertainty Avoidance, and Cultural Distance. The framework can be extended to partnerships not involving United States target firms. For example, the tendency for Japanese firms to acquire Japanese partners may be muted somewhat because of a lack of cultural distance. At the same time, because of high cultural distance, firms from Australia, Canada, the United Kingdom, and the United States may demonstrate an increased tendency for acquiring Japanese partners. We believe that these propositions are very deserving of more attention in samples involving multiple industries and entry into multiple countries.
We should note several limitations of this study. Although our sampling methodology was comprehensive for nearly the entire life of the biotechnology industry, the number of partner buyout events is small. Nevertheless, we managed to attain statistical significance for our key variables and stability across a number of models containing firm-level and/or industry-level control variables. A larger sample would allow disaggregation of joint ventures and minority equity partnerships. Our study focused on a single industry, and sub-segments within that industry. While these segments are distinct from one another, future research should attempt to verify the expected relationships in other industries, including both R&D intensive and more stable industries. Parkhe (1991) suggests that formal training programs can enhance cultural understanding and may moderate the relationship between cultural variables and the duration of global alliances. These integrating mechanisms may have an important influence on the relative rate of learning in joint ventures versus acquisition, and hence, may play a role in the buyout decision. Unfortunately, since we lacked data on the extent of cross-cultural training programs, we could not examine this issue. However, we believe that our theoretical framework offers an interesting new opportunity to ascertain how integrating mechanisms may influence the relatively unexplored phenomena of partner buyouts.
Previous research has demonstrated that companies use collaborations when partnering with culturally distant partners. Thus, our sample of equity collaborations may reflect some restricted range of cultural distance. Indeed, means scores of cultural distance varied significantly when we examined a broader sample of transactions involving both equity collaborations (0.64) and outright acquisitions (.036). Thus, our study, and any study examining the effect of national culture on partner buyout will suffer from such a bias. This will tend to weaken the results for cultural distance. We have demonstrated, however, that even though we have sampled culturally distant partners, power distance acts to moderate the partner buyout decision.
Overall, our study suggests that cultural attributes of the investing firm and cultural differences between the investing and target firms play a significant role in predicting the rate at which partner buyouts occur. It suggests that firms find value in flexibility in the presence of endogenous uncertainty, and are quicker to exercise when buyout enhances the potential rate of learning. The hypotheses developed here and the results we found offer some promising new directions for future empirical research.
ENDNOTES
1 Other evidence of partner buyouts include Kogut (1989) , who found that 24.0 percent of joint ventures were acquired by a partner within seven years, and Mikkelson and Ruback (1985) , who discovered that 13.6 percent of firms having initiated minority investments either acquired or attempted to acquire their partner within three years of taking an initial equity stake. 2 We are not without precedent in defining the scope of this research to encompass both joint ventures and minority investments (e.g., Hennart, 1991; Pisano, 1989) . distance, and uncertainty avoidance and power distance. Log likelihood ratio tests indicated no such interaction existed. Log-likelihood Ratio -326.70*** -324.72*** -326.98*** -325.86*** -325.14*** -322.93*** 327.52*** 328.21*** 327.20*** 328.52*** Denmark Sweden * The darker the background the more likely firms from these countries are to buy out their partners.
